characterized by a unique morphologic feature on left ventriculography (LVG) and some clinical features, including a predominance in elderly women, as well as a favorable prognosis. [1] [2] [3] [4] [5] [6] [7] [8] [9] The LV wall motion abnormality is quite different from that in myocardial infarction; it occurs in the LV apical region (LV apical ballooning), but improves within several weeks. The precise mechanism remains still unclear. Kurisu et al reported that coronary microcirculation, assessed by thrombolysis in myocardial infarction trial frame count, is impaired in patients with takotsubo-like LV dysfunction. 4 And Nishikawa et al reported that coronary microvascular function assessed by 99m Tc-tetrofosmin myocardial single photon emission computed tomography is impaired in patients with takotsubo-like LV dysfunction. 6 It has been also reported that the coronary flow velocity (CFV) pattern and CFV reserve (CFVR), measured with a Doppler guidewire, reflect the degree of coronary microvascular dysfunction under stable hemodynamic conditions in the absence of epicardial coronary stenosis, 10-14 so the aim of the present study was to evaluate coronary microcirculation in patients with takotsubo-like LV dysfunction by analyzing CFV pattern and CFVR in the acute phase and 3 weeks later.
tine kinase was measured every 3 h after admission and the peak value was obtained. In the acute phase and 3 weeks later, plasma catecholamine concentrations were measured after at least 12 h bed rest. Patients received conventional drug therapy (diuretics, vasodilator, etc) according to individual needs, as determined by the attending doctors. Three weeks after the onset, follow-up LVG was performed and phasic CFV spectra were recorded in the same way. The study protocol was approved by the Ethics Committee of Kawasaki Medical School and written informed consent was obtained from each patient.
Analysis of LVG and CFV Spectra
LV end-diastolic volume index, LV end-systolic volume index (LVESVI) and LV ejection fraction (LVEF) were calculated by the area -length method. 15 The left ventriculograms were analyzed by the centerline method to assess regional LV wall motion. 16 The mean value of each chord motion and the number of chords greater than -2 SD below the mean of a normal reference were obtained for each coronary artery portion. The time-average of the instantaneous spectral peak velocity (APV; cm/s) during 1 cardiac cycle, the systolic and diastolic APVs and the diastolic/systolic APV ratio were measured from phasic CFV recordings, using off-line computerized planimetry as previously reported. 17 The deceleration time of diastolic velocity (DDT; ms) was measured from the peak diastolic velocity to the point where the extrapolated line intersected the baseline. CFVR was calculated from the ratio of maximal hyperemic APV to the baseline resting APV.
Statistical Analysis
Statistical analyses were performed with the StatView statistical package (StatView 5.0; SAS Institute, Cary, NC, USA). Continuous variables were expressed as mean ± SD. A paired t-test and linear regression test were used for comparison of parameters. Statistical differences were considered significant at a value of p<0.05.
Results
Patient characteristics are shown in Table 1 . All patients complained of chest pain or chest discomfort and reported an emotional or physical stress shortly before the onset of symptoms, such as death of a relative (n=3), vigorous excitation (n=2), accidents involving family members (n=1), quarrel (n=1), and epileptic attack (n=1). Peak creatine kinase concentrations were within 2-fold of the normal value in all patients. None had a history of prior angina or myocardial infarction. Plasma concentrations of noradrenaline (normal range <450 pg/ml) increased in 6 of 8 patients in the acute phase and decreased to normal range 3 weeks later in all patients (235±151 pg/ml). ECG on admission showed ST-segment elevation or T-wave inversion, especially in the V3-6 leads. Follow-up ECG showed obvious Twave inversion 3 weeks later, but these ECG abnormalities returned to normal 6 months later in all patients. Hemodynamic and LV wall motion data are shown in Table 2 . In the acute phase, LV wall motion abnormality was observed in all coronary artery territories and dramatically improved during the follow-up period. LVEF increased significantly during follow-up mainly because of a reduction in the LVESVI. CFV data in the acute phase and 3 weeks later are shown in Tables 3 and 4 . Owing to a technical difficulty, CFV recordings could not be obtained in 9 of 48 coronary arteries. In all cases, both the CFVR and DDT of all 3 coronary arteries increased during follow-up (Fig 1, Table 4 ). There was a significant correlation between CFVR and DDT in the acute phase (y=0.001x+1.153, r=0.501, p=0.03). Noradrenaline plasma concentration was not significantly correlated with CFVR, DDT or LVEF in the acute phase (p=0.14, p=0.11 and p=0.12, respectively). Fig 2 shows typical left ventriculograms and phasic CFV patterns in a case of takotsubo-like LV dysfunction. After 3 weeks, the LV wall motion dramatically improved and both CFVR and DDT also recovered in all 3 coronary arteries.
Discussion
In the present study, phasic CFV patterns and CFVR were recorded to assess coronary microcirculation in patients with takotsubo-like LV dysfunction. The main findings were that decreased CFVR and short DDT were observed in all 3 coronary arteries in the acute phase, but these returned to normal during the follow-up period.
The CFV pattern and CFVR reflect coronary microvascular dysfunction under stable hemodynamic conditions and in the absence of epicardial coronary stenosis. [11] [12] [13] [14] [15] 18 In the present study, the CFVR of all coronary arteries improved during follow-up without a change in hemodynamic conditions such as LV rate -pressure product or LVEDP. Although there was no significant difference in APV at rest between the acute phase and 3 weeks later, increased APV at rest might cause decreased CFVR in the acute phase. The 'normal' value of DDT is a matter of dispute, but it has been reported that patients with a DDT shorter than 185 ms are considered to be showing coronary microvascular dysfunction. 19 In the present study, there was a significant correlation between CFVR and DDT in the acute phase. These results suggest that not only decreased CFVR but also short DDT in the acute phase might indicate coronary microvascular dysfunction in patients with takotsubo-like LV dysfunction. For example, in case No. 5 in Table 3 , a shorter DDT and more decreased CFVR compared with the other cases were observed in the acute phase and the LV wall motion abnormality remained until 3 weeks later. On the other hand, in case No. 3, a longer DDT and less decreased CFVR compared with the other cases were observed in the acute phase and the LV wall motion abnormality dramatically improved to almost normal 3 weeks later. Severe microvascular dysfunction, which is indicated by short DDT and decreased CFVR, in the acute phase might result in poor improvement of LV wall motion within 3 weeks. Several case studies of takotsubo-like LV dysfunction have been reported in Japan, [1] [2] [3] [4] [5] [6] [7] [8] [9] but the precise mechanism of this transient LV dysfunction remains unknown. To our knowledge, ours is the first report to analyze and compare CFV patterns and CFVR in the acute phase and follow-up period in patients with takotsubo-like LV dysfunction.
An analysis of the left ventriculograms by the centerline method revealed that the LV wall motion abnormality extended beyond the LAD territory and that all coronary artery territories were involved in patients with takotsubolike LV dysfunction. These findings are comparable with the results that CFVR was decreased in all coronary arteries.
It has been reported that LV wall motion abnormalities in patients with takotsubo-like LV dysfunction return to normal at times ranging from 9 to 53 days after the onset of symptoms. 7 In the present study, an improvement in LV wall motion, together with recovery of coronary microvascular dysfunction, was observed in all cases. We previously reported that CFVR in the LAD was related to the recovery of regional LV wall motion in patients with takotsubo-like LV dysfunction. 20 The present findings suggest that coronary microvascular dysfunction may be a causative mechanism of takotsubo-like LV dysfunction.
Abe et al measured CFVR and DDT of LAD in 4 cases of takotsubo-like LV dysfunction and the CFVR was 1.3, 1.8, 2.2, 3.6 and DDT was 680, 1,000, 640, 1,200 ms, respectively. 20 In contrast to our study, their results varied widely, perhaps because they measured the CFV at only 1 time-point, ranging from days 1 to 32, after the onset of symptoms. According to our results, the decreased CFVR and short DDT improved with time. Thus a difference in the time of measurement may affect the different results of the previous report and ours.
Kawai et al 8 and Tsuchihashi et al 21 reported that histological changes in the myocardium of takotsubo-like LV dysfunction are similar to those in catecholamine-induced myocardial damage. Ueyama et al reported that emotional stress could induce reversible LV wall motion abnormality (LV apical ballooning) in the rat heart and this phenomenon is prevented by pretreatment with -and -adrenoceptor blockade. 22 Murphree and Saffitz reported that the distribution of sympathetic nerves and the density of receptors in the LV myocardium of animals are not uniform: being high in the basal segment and low in the apex for the nerves, and low in the basal segment and high in the apex for the receptors. 23 This irregularity of the sympathetic nervous system in the LV could create a wall motion similar to 'takotsubo' when the sympathetic nerves become excited. 24 In the present study, all patients had an emotional or physical stress shortly before the onset of symptoms, and plasma concentrations of noradrenaline were high on admission. Emotional or physical stress may induce abnormal activation of adrenoceptors and catecholamine-induced myocardial damage. Although the precise mechanism of transient coronary microvascular dysfunction remains unclear, adrenoceptor overstimulation, as a result of emotional or physical stress, could be the trigger mechanism. Further study is needed to elucidate the precise mechanism of the transient coronary microvascular dysfunction in patients with takotsubo-like LV dysfunction.
Conclusion
Short DDT and decreased CFVR were demonstrated in patients with takotsubo-like transient LV dysfunction in the acute phase and improved 3 weeks later, suggesting that coronary microvascular dysfunction may be a causative mechanism of takotsubo-like LV dysfunction.
